Background. Adequate vitamin D intake during pregnancy is important for prevention of adverse pregnancy outcomes. Objectives. The present study aims to determine the intake and sources of vitamin D, as well as factors associated with vitamin D intake among pregnant Malaysian women. Material and methods. This cross-sectional study was conducted at the Seremban Maternal and Child Health (MCH) clinic, Negeri Sembilan. Women (n = 314) were measured for height and weight and interviewed for socio-demographics, obstetrics, dietary intake, source of vitamin D, intake of vitamin D supplements and physical activity. Results. One-third of pregnant women were overweight (21%) or obese (13%) with a mean pre-pregnancy Body Mass Index (BMI) of 23.65 ± 5.29 kg/m². The mean vitamin D intake of pregnant women was 11.54 ± 0.45 µg/day (diet = 6.55 ± 4.43 µg/day; supplements = 4.99 ± 5.95 µg/day) with approx. 74.5% of intake being above recommendation levels. Milk and milk products showed the greatest contribution to vitamin D intake (56.8%). While women with higher energy (adjusted OR = 0.10, 95% CI = 0.01-0.87) and calcium (adjusted OR = 0.27, 95% CI = 0.11-0.67) intake were more likely to have adequate vitamin D intake, obese women were less likely to have adequate vitamin D intake (adjusted OR = 1.65, 95% CI = 1.72-3.79). Conclusions. Adequate intake of vitamin D was significantly associated with higher energy and calcium intake, but obese women tend to have inadequate intake. Further studies need to confirm these finding and the contribution of vitamin D intake to vitamin D status in pregnant Malaysian women. Key words: pre-pregnancy BMI, energy intake, calcium intake, vitamin D intake. 
Background
Vitamin D facilitates calcium absorption and plays a role in normal bone mineralization and bone growth by maintaining blood concentrations of calcium and phosphorus. In addition, vitamin D may play a role in modulation of neuromuscular, immune function and certain disease prevention, such as multiple sclerosis, type 2 diabetes and some cancers [1] . There is an increasing interest in the role of vitamin D nutrition during pregnancy, lactation and early infancy [2] [3] [4] . These studies implicate vitamin D deficiency during pregnancy as a significant risk factor for multiple adverse pregnancy outcomes related to both mothers and infants, including increased risk of rickets, atopic (asthma), autoimmune disorders (allergies), preterm birth and small-for-gestational-age (SGA) in infants, while for mothers, there is an increased risk of preeclampsia, gestational diabetes mellitus (GDM), osteoporosis and bone fractures [4] [5] [6] [7] .
The definition of optimal intake of vitamin D is subject to much debate, and the recommendation level varies between countries. In developed countries, low vitamin D intake was observed at an average of 3.4 µg/day among Scottish pregnant women [8] , 2.0 µg/day among Irish pregnant women [9] and 5.1 µg/day among Finnish pregnant women [3, 10] . Similarly, low vitamin D intake among pregnant women was also reported in developing countries. Vitamin D intake among pregnant women in Iran was 1.2-2.3 µg/day [11, 12] . Parity, pre-pregnancy BMI and ethnicity have been found to be associated with vitamin D intake during pregnancy. Parous women had lower vitamin D intake than nulliparous women and Caucasian had lower intakes of vitamin D than White women [13] . Pre-pregnancy BMI was inversely associated with vitamin D intake, in which overweight or obese pregnant women had a lower intake of vitamin D compared to underweight women [13] . In addition, pregnant women who were slightly younger, overweight and with a lower education level and income were found to have a lower intake of vitamin D [8, 14, 15] . As most products that contain calcium are fortified with vitamin D [16] , individuals with high calcium intake will have a higher intake of vitamin D.
In Malaysia, a recent study on the prevalence of hypovitaminosis D and its associated risk factors reported that nearly all (90.4%) pregnant women in the first trimester had serum 25(OH)D < 50 nmol/L. Malays and Indians, as well as those with a lower education level, had a significantly low serum 25(OH)D level [17] . Hamid et al. showed that approx. 60% and 37% of pregnant Malay women in the second and third trimester had vitamin D deficiency (serum 25(OH)D < 50 nmol/L), respectively [18] . Furthermore, only multivitamin intake in the second and third trimester during pregnancy were significantly associated with a higher serum vitamin D level. Most studies placed emphasis on vitamin D status in pregnant women, but very few studies examined vitamin D intake and its associated factors in pregnant women.
To date, published studies on vitamin D intake and its associated factors among pregnant women are mainly focused on western populations [3, 8, 9, 19] . Despite having sunlight throughout the year, studies have documented vitamin D insufficiency or deficiency to be prevalent in Malaysia, both among pregnant and non-pregnant individuals [20] [21] [22] [23] [24] . In populations where sun exposure is limited due to geographical location or religious/lifestyle restrictions, dependence on dietary sources for vitamin D becomes essential, although the diet provides only about 5-10% of the body's requirement for vitamin D [25] . Identifying food and non-food sources (e.g. dietary supplements) of vitamin D intake, as well as factors associated with vitamin D intake, could better inform researchers on the development of strategies to improve the vitamin D status of pregnant Malaysian women and, subsequently, their offspring.
Objectives
The present study aimed to assess vitamin D intake, identify the dietary sources of vitamin D and determine factors associated with vitamin D intake among pregnant Malaysian women.
Material and methods

Study location and respondents
This cross-sectional study was conducted at the Seremban Maternal and Child Health (MCH) clinic in Negeri Sembilan. The respondents were pregnant women attending the MCH clinic for a routine antenatal check-up from November to December 2010. The selection criteria of respondents were Malaysian women aged 18-40 years, at 13 th to 36 th weeks of gestation, singleton pregnancy and with no medical conditions during pregnancy (e.g. gestational diabetes mellitus, pre-eclampsia) or chronic diseases (e.g. heart disease, renal disease or diabetes mellitus). A total of 386 women were screened for study eligibility, but only 314 met the eligibility criteria. This number met the sample size required for the study (81% of pregnant women met the recommended vitamin D intake; 95% confidence level; 5% precision level) [26] . The study protocol was approved by the Medical Research Ethics Committee, Universiti Putra Malaysia and the Ministry of Health Malaysia. A study information sheet was given to the respondents and informed consent was obtained from all respondents prior to data collection.
Measurements
A set of pre-tested interviewer-administered questionnaires was used to obtain information on socio-demographics (e.g. age, ethnicity, education level, household income and household size), obstetrics (e.g. gravidity and parity), dietary intake, intake of vitamin D supplements and physical activity.
Dietary intake and supplementation
A semi-quantitative food frequency questionnaire (SFFQ) modified from Blalock et al. was used to assess dietary sources of vitamin D [27] . The SFFQ consists of 26 food items that contain vitamin D. Consumption frequency was based on a 9 response-scale: never, less than once per week, 1-2 times per week, 3-4 times per week, 5-6 times per week, daily, 2 times per day, 3 times per day and more than 3 times per day. For weekly consumption, the frequencies were converted to times per day based on the midpoint of the reported frequency category for each food item. As the Malaysian Food Composition Database does not have food values of vitamin D, the United States Department of Agriculture food database and food labels of fortified foods on the market were used to estimate the vitamin D content of consumed foods [16] . Vitamin D intake from each food item and its percentage contribution to total vitamin D intake were calculated to identify the main food sources of vitamin D. The following formula was used to calculate vitamin D intake: Vitamin D intake = consumption frequency x serving size x vitamin D content of the food.
A two-day 24-hour dietary recall on a weekday and a weekend was used to assess the dietary intake of respondents. Dietary data was analyzed for energy and macronutrients using Nutritionist Pro Nutrient Analysis Software: Version 1.5 [28] with the Malaysian Food Composition Database [29] for intake of energy, fat and calcium. Energy and nutrient intake for 2 days was averaged to derive mean daily energy and nutrient values. Adequacy of energy and nutrients was determined based on the Recommended Nutrient Intakes (RNI) for Malaysia [30] . Women were also interviewed for information on dietary supplement use, such as types, brands, frequency and dosage of the reported supplements. Vitamin D intake from supplements was estimated from the manufacturers' product information.
Physical activity
The Global Physical Activity Questionnaire (GPAQ) was used to determine the physical activity level of pregnant women [31] . Women recalled the number of days in the last 7 days they did either or both vigorous intensity physical activity and moderate intensity activity at 3 major settings (activities at work/home, travel to and from places, recreational activities), as well as the number of hours and minutes per day they did the activities, respectively. The respective total hours of physical activity were calculated and multiplied by metabolic equivalent (MET) hours per week and the values were then categorized into low, moderate and high physical activity [31] .
Statistical methods
All statistical analyses were performed using IBM SPSS 22.0. Exploratory Data Analysis was carried out to determine the normality and homogeneity of the data. The assumption of normality was examined with the Kolmogorov-Smirnov (KS) test, and all variables, except income, were normally distributed. The data was presented descriptively as frequency, percentage, mean and standard deviation for normal distributed variables and median (minimum and maximum values) for non-normal distributed variable. Univariate and multivariate logistic regression was applied to determine the associations between socio--demographics, obstetrics, energy and macronutrients intakes, supplement usage and physical activity with total vitamin D intake. In the final multivariate model, total vitamin D intake was adjusted for covariates, such as ethnicity, gravidity and trimester at study entry. Statistical significance was set at p < 0.05. Table 1 shows the characteristics of women in the second and third trimester of pregnancy. The mean age of women was 28.13 ± 0.26 years, with a majority being Malays (50.3%) and having at least secondary education (61.5%). The average week of gestation was around 28 weeks, with more than half (57%) being in the third trimester and 43% in the second trimester. The median monthly household income was RM 2,800 (min--max = RM 900-15,000) or USD 651.55 (min-max = USD 209.43--3,490.44). The mean pre-pregnancy weight and height of the women were 57.97 ± 13.96 kg and 156.42 ± 5.85 cm, respectively. The mean pre-pregnancy Body Mass Index (BMI) was 23.65 ± 5.29 kg/m², with approx. 21% and 13% categorized as overweight and obese, respectively. followed by cereals (17.1%), beverages (12.4%), meat and meat products (12.4%) and spreads (1.3%) ( Table 3) . One-third (35.4%) of women had a low physical activity level ( Table 2 ). The mean energy intake of women was 1,376 ± 27.08 kcal (55.3% of RNI), with 11.2% having sufficient energy intake. The mean calcium intake of women was 800.23 ± 34.88 mg, with approx. 80% of RNI for calcium being met. More than half of the women (61.8%) had an intake less than RNI for calcium, and 17.2% had achieved RNI for calcium of 1,000 mg per day. The mean total vitamin D intake was 11.54 ± 0.45 µg/day, with 6.55 ± 4.43 µg/day from food sources and 4.99 ± 5.95 µg/day from dietary supplements. Nearly half (47.5%) of the women were taking vitamin D supplements. Milk and milk products showed the greatest contribution to vitamin D intake (56.8%),
Results
Discussion
The present study showed that about 74.5% of pregnant women met the recommended intake of vitamin D (5 µg/day), and that the mean vitamin D intake from diet and dietary supplements was 6.55 ± 4.43 µg/day and 4.99 ± 5.95 µg/day, respectively. Nearly half (47.1%) of these women were taking vitamin D supplements. Milk and milk products showed the greatest contribution to vitamin D intake (56.8%). Women with a higher energy and calcium intake were more likely to have adequate vitamin D intake, while obese women were less likely to have adequate vitamin D intake.
According to IOM (1997), there is no evidence of additional requirements for vitamin D during pregnancy, as the placental transfer of vitamin D from mother to fetus is apparently minute [32] . A review by Specker also reported that there is no evidence to indicate that higher vitamin D intake is needed during pregnancy to prevent vitamin D deficiency compared to non-pregnant women [33] . However, Cashman et al. reported that a vitamin D intake of 10 µg/day is needed to ensure sufficient vitamin D status [34] . With increasing evidence to support a higher recommendation for vitamin D intake, IOM reevaluated the existing recommendations of vitamin D intake and suggested new Dietary Reference Intakes (DRIs) for vitamin D for all ages and elderly people over 70 years of age to be 15 µg/ /day and 20 µg/day, respectively [35] . However, in Malaysia, the Recommended Nutrient Intakes (RNI) for vitamin D intake for pregnant and lactating women is set at 5 µg/day, which is the same as for non-pregnant women [30] . In the present study, the mean total vitamin D intake was 11.54 ± 0.45 µg/day, with about 75% of women meeting the recommended level of vitamin D, which is 5 µg/day. In the United States (US) and Canada, the recommended dietary allowance is 15 µg per day [35] . Therefore, if the recommendations of vitamin D intake for pregnant women in the present study is set at 10 µg/day and 15 µg/ /day, approx. 50% and 68% of pregnant women will be reported as having insufficient vitamin D intake, respectively (data no shown). These findings are in line with previous studies reporting that more than half of pregnant women in Norway (63%), Finland (85%) and the US (50%) did not meet the recommended vitamin D intake of 10 µg per day [3, 13, 36] .
Although the present study did not measure the vitamin D status of women, they are expected to be at higher risk of vitamin D deficiency for several reasons. The human body obtains vitamin D from both dietary sources and synthesis in the skin through exposure to sunlight [37] . The mean vitamin D intake of 11.54 ± 0.45 µg/day in the present study was far below the IOM recommended level of 15 µg/day, which was established based on the amount of intake necessary to sustain blood levels of 25(OH)D above 50 nmol/l for populations with minimal sunlight exposure [35] . Although Malaysia receives plenty of sunshine year round, previous studies showed that the majority (60-90%) of pregnant women have serum 25(OH)D below 50 nmol/l [17, 18] . In addition, women in Malaysia tend to reduce sunshine exposure due to covered dress (religious practice) or use of sunscreen for either cosmetic reasons or to prevent skin damage [38, 39] . The use of sunscreen could block UV light and subsequently inhibit vitamin D production [40] . Moreover, nearly all (98%) pregnant women in the present study were housewives and indoor workers (data not shown), which could contribute to them having a lower duration of sun exposure.
Nearly half (47.5%) of the women in the present study were taking dietary supplements containing vitamin D, such as multivitamins (43.6%), cod liver oil (1.9%) or both (2%) (data not shown). However, none of the women were taking any single vitamin D2 or D3 supplement, which could be due to this vitamin supplement being only taken in single form for certain medical conditions or being prescribed by physicians. It was also noted that these women were taking multivitamins and cod liver oil not because of vitamin D, but for other nutrients. Lack of aware- Women with an intake of energy (crude OR = 0.18, 95% CI = 0.03-0.76) and calcium (crude OR = 0.27, 95% CI = 0.12-0.63) above recommendation levels and obese women (crude OR = 1.97, 95% CI = 1.96-4.07) were independently associated with inadequate vitamin D intake (data not shown). In the final logistic model, women with energy (adjusted OR = 0.10, 95% CI = 0.01-0.87) and calcium (adjusted OR = 0.27, 95% CI = 0.11--0.67) intake above recommendation levels were less likely to have inadequate vitamin D intake. Overweight women (adjusted OR = 1.25, 95% CI = 0.60-2.58) and obese women (adjusted OR = 1.65, 95% CI = 0.72-3.79) tend to have a vitamin D intake below recommendation levels (Table 4) . 
Limitations of the study
The present study is not without limitations. The recruitment of pregnant women from only one MCH clinic in Seremban, as well as the short duration of recruitment (i.e. only women attending antenatal care during this period were recruited into the study), could introduce bias to the study and limit the generalization of the study findings to all pregnant women in Malaysia. A 3-day, 24-hour diet recall is recommended for better estimation of the energy and nutrient intake of individuals. However, the respondents in the present study felt burdened with the in-depth questioning of food consumption (24-hour diet recall and semi-quantitative food frequency questionnaire (SFFQ)). Thus, a 2-day, 24-hour diet recall and SFFQ were used to estimate energy, macronutrients, calcium and vitamin D intake, respectively. Although the results generated may not reflect habitual dietary intake, Ma et al. showed that a 2-day, 24--hour diet recall improved the findings of a single diet recall [52] . Furthermore, while a dietary recall is known to underestimate intake, overestimation could occur with food frequency. In this study, approximately 70% of pregnant women under-reported their daily energy intake despite efforts to assist them to recall intake, i.e. use of household measures and a food album of commonly consumed foods. However, all data was used in the analysis, as it was well within ± 3 SD of mean energy intake [53] . The use of the United States Department of Agriculture food database to estimate the vitamin D content of foods might yield overestimated values. However, it is not expected that there is much difference in the vitamin D content of vitamin D fortified foods on the market with those available in the USDA food database (e.g. breads, milk, margarine/spreads). As the study only assessed vitamin D intake, it cannot relate the intake to vitamin D status (blood level of 25-hydroxyvitamin D). Sun exposure, which was not measured in the present study, could be a major contributing factor to the women's vitamin D status, regardless of their vitamin D intake. Despite these limitations, this study does provide information on the vitamin D intake of pregnant women, which could add to the limited literature on the dietary intake and sources of vitamin D of pregnant Malaysian women.
Conclusions
This study showed that most pregnant women met the recommendation level of vitamin D intake through food and dietary supplements. However, they might not have sufficient vitamin D intake to maintain an adequate vitamin D status throughout pregnancy, as the average intake was still below the IOM recommendation level of 15 µg/day. Pre-pregnancy BMI and intake of energy and calcium were significantly associated with vitamin D intake. More studies are needed to confirm these findings and relate the intake of vitamin D from foods and dietary supplements to the vitamin D status of pregnant women.
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ness on the importance of vitamin D for the health of women and children and the benefits of vitamin D supplements, as well as concerns about the side-effects of vitamin D supplements, is still prevalent among pregnant women in the present study. Nevertheless, almost 75% of these women achieved the recommended vitamin D intake through foods and dietary supplements.
Food sources of vitamin D may vary across cultures due to food preferences and tolerances. In the present study, the major food sources of vitamin D in the diet of pregnant Malaysian women were dairy products (fresh milk, maternal milk powder, full cream milk, creamer, cheese and yogurt) and cereals (breads and biscuits). In contrast, fish, seafood, low-fat dairy products and eggs were predominant sources of vitamin D in the diets of pregnant Danish women [2] . Similarly, the National Health and Nutrition Survey of Japan also revealed that fish and shellfish were the main sources of vitamin D among Japanese [41] . Although fish contains considerable amounts of vitamin D, the consumption of fish in the present study was very low, with only about 7.5% of vitamin D being derived from these foods. The lower fish intake may be due to the higher cost of fish rich in vitamin D (e.g. salmon, trout and mackerel), as about 87.9% of women were in low-and middle-income groups. Besides the cost, the availability and accessibility of food may influence individual food choices. In Malaysia, cereals and dairy products, such as breads, biscuits and milk powder, are readily available in grocery stores, minimarkets or sundry shops, which are accessible to a majority of the population. Furthermore, pregnant women generally increase their intakes of dairy products for the health of their babies [42] .
In the present study, obese women were more likely to have lower vitamin D intake. Similarly, Scholl and Chen reported that pre-pregnancy BMI correlated inversely with total vitamin D intake [13] . Obese individuals tend to avoid milk and dairy products due to the misconception that these products are fattening [43] . They were also more likely to avoid foods such as cod liver oil, cheese and margarine, which are good sources of vitamin D [44, 45] . Lower vitamin D intake and lack of sun exposure could put these obese pregnant women at risk of a poor vitamin D status [46] . This study also found that women with higher calcium intake were less likely to have inadequate vitamin D intake. This finding was consistent with several studies, which reported that calcium intake was highly correlated with vitamin D intake [8, 47, 48] . Most of the products that contain calcium are fortified with vitamin D [16, 49] . For example, high calcium foods, such as milk, milk products, yogurt and cheese, are often fortified with vitamin D. Similar to previous studies [50, 51] , the present study also found that higher energy intake was associated with adequate vitamin D intake. The association between vitamin D intake and energy intake could be explained by the energy and fat content of dairy products. In the present study, about twothirds of vitamin D were derived from dairy products. Among the dairy products, fresh milk and maternal milk contributed the most, which generally contain higher energy and fat. Although not all dairy products have high energy and fat content, choosing dairy products seems to increase vitamin D intake, as well as the total intake of daily calories.
